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SWEET  CHERRIES  held  in  bisulfite  brine  normally  become  firm  and  bleached, 
ready  to  be  remanuf actured  into  brightly  colored,  tasty  products.     Each  season 
outbreaks  of  softening  occur,  usually  limited  to  small  amounts  of  fruit.  In 
the  past  small  losses  have  been  accepted  as  part  of  the  risk.     In  1957,  however, 
widespread  softening  of  cherries  in  brine  took  place,  rendering  a  major  part  of 
the  pack  useless.     The  entire  west  coast  industry  suffered  substantial  and  in 
some  cases  disastrous  losses. 

Industry  reacted  promptly,  contacting  Federal  and  State  agencies  for 
assistance  in  a  coordinated  research  program.     Basic  knowledge  was  needed  to 
determine  the  causative  agent  and  the  mechanism  of  tissue  breakdown.     A  research 
program  was  begun  and  continued  over  several  years.     Experimental  packs  were 
made  in  plants  in  Washington,  Oregon,  and  California.     Industry  supplied  the 
cherries  and  the  two  brine  formulations  used. 

In  the  research  the  concentration  of  brine  components  was  varied  and  the 
effect  on  cherry  texture  was  followed  by  a  texture  meter.     Cherries  in  brine 
made  with  gaseous  sulfur  dioxide  and  calcium  hydroxide  firmed  normally  as  long 
as  the  pH  was  2.2  or  above.     When  the  ratio  of  sulfur  dioxide  to  calcium 
hydroxide  was  adjusted  to  pH  below  2.2,  the  skins  cracked  and  the  tissue 
eventually  softened.     Brines  made  with  calcium  chloride,  sodium  bisulfite,  and 
hydrochloric  acid  produced  firm  cherries  under  wide  variations  of  pH  and 
concentration  of  components. 

Softening  induced  by  added  commercial  pectinolytic  enzymes  was  inhibited 
by  sodium  alkyl  aryl  sulfonate,  extra  calcium  chloride,  or  heat.     Tissue  break- 
down in  commercial  packs  caused  by  a  pectinolytic  enzyme  of  unknown  origin  was 
inhibited  by  heat  or  addition  of  extra  calcium  chloride  but  not  by  the  alkyl 
aryl  sulfonate.     Calcium  chloride  inhibited  softening  that  took  place  in  the 
absence  of  a  demonstrable  pectinolytic  enzyme. 

Brines  have  been  successfully  reused  through  three  seasons,  with  the 
exception  of  those  with  pectinolytic  activity.     The  buildup  of  soluble  solids 
and  natural  pigments  in  the  brine  did  not  affect  texture. 

In  the  research  Washington  State  University  cooperated  with  the  Western 
Utilization  Research  and  Development  Division,  Agricultural  Research  Service, 
U.S.  Department  of  Agriculture,  at  Albany,  Calif.  94710.     The  assistance  and 
cooperation  of  the  Preserve,  Maraschino  Cherry,  and  Glace' Fruit  Section  of  the 
Canners  League  of  California,  the  Washington  State  Fruit  Commission,  and 
individual  members  of  industry  are  gratefully  acknowledged.     This  report  was 
prepared  in  the  Western  Division  named  above.     Copies  are  available  on  request. 
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TEXTURE  OF  BRINED  CHERRIES 
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Research  Service,  U.S.  Department  of  Agriculture,  Albany,  California 

M.  J.  Powers 

Food  Science  Program,  Washington  Agricultural  Experiment 
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The  firmness  of  brined  cherries  varies  widely  with  variety,  maturity, 
brine  composition,  and  seasonal  growing  conditions.     Ordinarily,  brined  cherries 
become  bleached  and  firm  and  can  be  reprocessed  to  maraschino  cherries,  glace 
cherries,  fruits  for  salad,  or  fruit  cocktail.     Those  that  do  not  become  firm 
enough  can  be  processed  only  to  lower-quality  products,  and  if  they  become  soft 
and  mushy  they  are  a  total  loss.     Some  briners  change  proportions  of  ingredients 
in  brine  formulations  as  the  season  progresses  and  as  maturity  and  quality  of 
fruit  change.     Others  change  formulation  for  fruit  from  different  areas  and 
different  varieties  in  attempts  to  get  the  desired  texture.     These  practices 
have  not  prevented  occasional  softening. 

McCready  and  McComb  (12)~^  suggested  that  softening  can  be  due  to 
degradation  of  pectic  substances  caused  by  a  pectinolytic  enzyme.  Pectinolytic 
activity  has  been  found  in  the  brine  of  a  commercial  pack  of  softened  cherries 
originating  in  the  Pacific  Northwest.     The  enzyme  has  been  purified  and 
partially  characterized  but  results  have  not  been  published.     Lewis,  Pierson, 
and  Powers  (10)  have  reported  that  several  fungi  in  orchards  and  rotting  fruit 
have  been  found  to  induce  softening  in  cherries  held  in  bisulfite  brines. 
However,  some  of  the  cherries  observed  during  6  processing  seasons  became  soft 
in  the  absence  of  detectable  pectinolytic  or  cellulolytic  enzymes.     In  a  search 
for  all  factors  that  can  induce  softening,  we  studied  and  report  here:  (a) 
physical  changes  during  brine  curing,   (b)  effects  of  brine  formulations  on 
texture,   (c)  effects  of  added  commercial  enzymes  on  texture,  and  (d)  natural 
softening  in  commercial  brined  cherries. 

MATERIALS  AND  TEST  METHODS 

Bing,  Royal  Anne,  and  Lambert  varieties  make  up  the  most  of  the  sweet 
cherries  used  for  brining  in  the  West.     Each  variety  is  usually  processed 
separately  without  regard  to  maturity.     Therefore  experimental  packs  were 
classified  according  to  variety  but  not  maturity. 

Brines . — Since  the  brined  cherry  industry  began  about  35  years  ago, 
experimentation  on  brine  formulation  has  been  reported  in  the  literature  (2, 
5,  6,  7,  8).     Commercial  brines  now  in  use  can  be  divided  into  two  general 

___ 

Numbers  in  parentheses  refer  to  Literature  Cited,  page  13. 
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classes:     (1)  the  older  form  (Type  I),  in  which  dissolved  SO2  (sulfurous  acid) 
is  the  source  of  the  bleaching  agent  and  (2)  brine  in  which  NaHSO-^  (sodium 
bisulfite)   is  the  bleaching  agent  (Type  II) .     Variations  of  one  basic  or 
standard  formulation  for  each  class  were  used  in  this  study.     The  standard 
formulas  were  composites  of  14  commercial  processes.     Commercial  grade  chemicals 
were  used.     Watters  et^  al^.   (15)  have  detailed  the  mechanics  of  brine 
formulation. 

Enzymes . — In  model  experiments,  Pectinol  A  or  an  equivalent  enzjnne 
concentration  of  Pectinol  100-D  was  added  to  the  brine  to  induce  softening.  A 
modified  cup-plate  test  (9,  15)  was  used  to  detect  pectinolytic  enzyme  activity. 
When  cups  8  mm.   in  diameter  are  used,  a  clear  zone  10  mm.  in  diameter  usually 
indicates  the  presence  of  sufficient  enzyme  activity  to  soften  cherries. 

Texture  measurements. — A  Chatillon  spring  push  gauge,  0-1000  g.,  with  an 
L.  S.  Starrett  Vise  "B"  and  modified  slide  indicator  was  used  as  a  puncture 
meter  to  estimate  the  firmness  of  brined  cherries  (4,  15). 

CHANGES  DURING  BRINE  CURING 

Texture  measurements  on  fresh  cherries  received  at  plants  in  Washington, 
Oregon,  and  California  varied  from  250  to  650  g.     In  the  first  several  days  in 
brine  (Type  I  or  II)  texture  changed,  as  shown  in  Figure  1.     The  cherries 
softened  rapidly  for  2  or  3  days  and  then  gradually  became  firmer.  Concurrently 
rather  extreme  changes  occurred  in  the  pH  of  the  brine  (Figure  2) .     The  pH 
increased  sharply  for  the  first  20  to  40  hours  and  then  decreased  slowly  until 
equilibrium  was  reached,  usually  in  300  hours.     The  soluble  solids  equilibrated 
between  cherry  and  brine  in  500  to  600  hours  (Figure  3) .     The  SO2  reached 
equilibrium  between  cherry  and  brine  in  800  hours  (Figure  4)  and  continued  to 
decrease  slowly  in  the  brine.     Calcium  analyses  were  made  on  a  series  of  cherry 
samples  for  one  harvest  season.     Figure  5  shows  the  increase  in  fiber  calcium 
during  the  first  600  hours  in  brine. 

BRINE  FORMULATIONS  AND  TEXTURE 

Bing  cherries  from  a  single  lot  were  packed  in  Type  I  and  Type  II  brines 
modified  to  vary  widely  the  proportions  of  bisulfite  and  calcium  ions.  After 
4  months  in  brine,  the  texture  of  the  cherries  was  determined  with  the  puncture 
meter  (Tables  1  and  2) .     A  high  ratio  of  SO2  to  lime  in  Type  I  caused  cherries 
to  become  soft.     The  pH  of  these  brines  was  below  2.0.     Previous  studies  were 
made  and  reported  by  Cruess  (6)  and  later  Wiegand  et_  a_l.   (16)  on  effects  of  low 
pH  on  brined  cherry  quality.     The  Type  II  brines  were  also  made  with  severalfold 
variations  in  bisulfite  and  calcium  chloride  but  each  was  adjusted  to  pH  3.5. 
None  of  the  cherries  in  Type  II  brines  became  soft. 

The  effect  of  pH  on  cherry  texture  in  Type  II  brine  was  investigated  by 
processing  Bing  cherries  in  a  series  of  brines  with  initial  pH  ranging  from  1.7 
to  4.5.     After  several  months  in  brine,  the  texture  of  all  cherries  was  above 
450  g.     In  these  and  other  experiments  low  pH  in  Type  I  brines  invariably 
softened  the  cherries  but  not  in  Type  II  brines.     Royal  Anne,  Lambert,  Bing, 
Black  Republican,  and  General  Wood  varieties  all  responded  in  the  same  way. 
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Figure  1. — Changes  in  cherry  texture  during  brine-curing  process, 
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Figure  2. — pH  changes  in  cherry  brine  during  curing  process 
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Figure  3. — Soluble  solids  changes  in  cherries  and  brine 
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Figure  4. — Changes  in  sulfur  dioxide  content  of  brine  and  cherries > 
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Figure  5. — Increase  in  cherry  fiber  calcium  during  curing  process. 

A  number  of  cations  have  been  incorporated  in  brines  as  substitutes  for  or 
adjuncts  to  calcium.     When  the  monovalent  ions  Na"*"  and  K"*"  were  substituted  for 
Ca"*"*",  the  cherries  became  soft  in  about  two  months.     Di-  and  tri-valent  cations 
such  as  Cu"*"*",  Hg"^,  and  Al '  '  '   in  the  brine  gave  cherries  of  satisfactory 
firmness.     Those  treated  with  aluminum  sulfate  were  extremely  firm  and  would 
sustain  high  pitting  losses  during  subsequent  processing  unless  precooked. 
Cherries  to  which  Cu"*"*"  and  Hg''"'"  were  added  could  not,  of  course,  be  used  as 
food.     It  is  apparent  that  the  monovalent  cations  are  not  suitable  for  cherry 
brines . 
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TABLE  1. — Texture  of  Bing  cherries  after  4  months  in  Type  I  brines 
 at  various  levels  of  sulfur  dioxide  and  calcium  hydroxide.  


SO2 


Ca(0H)2,  % 


0.425 


0.725 


1.500 


34,600 
20,000 
12,500 
7,500 


Puncture  meter  readings,  g. 

a/  a/ 
129  346 
383  397^/ 
381  c/ 


432 
443 

sJ 

c/ 


Cherries  too  soft  to  obtain  readings  on  puncture  meter, 
^/standard  brine. 

— ^These  brines  cannot  be  prepared  because  the  desired  amount  of 
lime  will  not  go  into  solution.  


TABLE  2. — Texture  of  Bing  cherries  after  4  months  in  Type  II  brine 
at  various  levels  of  sulfur  dioxide  (from  sodium  bisulfite) 

and  calcium  chloride. 


S02 

CaCl2, 

% 

ppm 

0.425 

0.85 

2.0 

4.0 

Puncture  meter 

readings,  g. 

25,000 

452 

465  , 
471^/ 

497 

495 

10,000 

469 

491 

488 

5,000 

411 

487 

497 

484 

^1  Standard 

brine . 

COMMERCIAL  ENZYMES  AND  TEXTURE 

Pectinolytic  enzymes  have  been  implicated  in  the  softening  of  commercially 
brined  cherries  (12)  and  in  the  softening  of  pickles  (3) .     To  study 
enzymatically  induced  softening  of  cherries  under  controlled  conditions, 
pectinolytic  enzymes  were  added  to  brined  cherries.     Pectinol  A  softened 
cherries  when  0.05  to  0.20%  of  the  weight  of  the  fruit  was  added.     The  texture 
was  roughly  a  log  function  of  the  concentration  of  the  enzymes  (Figure  6) . 

Effect  of  calcium. — It  is  generally  assumed  that  calcium  in  the  brine  forms 
an  insoluble  complex  with  pectic  materials  in  the  cherries  which  makes  them 
firmer.     However,  the  effect  of  calcium  on  the  rate  of  softening  of  cherries  by 
pectinolytic  enzymes  added  to  the  brine  had  not  been  established.     The  addition 
of  extra  calcium  chloride  does  inhibit  softening.     Two  series  of  samples  of  firm 
good-quality  brined  cherries  were  repacked  in  brines  to  which  0.1  and  0.5%  of 
Pectinol  A  had  been  added.     To  each  series  were  added  different  amounts  of 
calcium  chloride  varying  from  0  to  4%  of  the  weight  of  the  cherries.  Texture 
measurements  at  4  months  (Figure  7)  show  that  calcium  chloride  added  to  the 
brines  in  sufficient  quantity  inhibits  softening  caused  by  the  pectinolytic 
enzymes.     Similar  results  were  obtained  when  fresh  cherries  were  put  in  brine 
with  added  enzyme  and  calcium  chloride.     Substitution  of  2%  NaCl  plus  2%  KCl 
for  4%  CaCl2  gave  a  much  less  inhibitory  effect,  leading  to  the  hypothesis  that 
the  calcium  ion  retards  the  softening  rather  than  the  chloride  ion. 
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Figure  6. — Texture  of  Bing  cherries  in  brine  containing  various  amounts  of 

Pectinol  A. 
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Figure  7.  —  Inhibition  of  pectinolytic  enz3rme  action  by  calcium  chloride. 
Bing  cherries  in  Type  II  brine  with  two  levels  of  enzyme  added. 

Semiquantitative  assay  of  the  enzymatic  activity  showed  that  calcium  ions 
did  not  reduce  potency  of  the  enzyme  (Table  3)  as  measured  by  the  cup-plate 
test.     The  enzyme  substrate  preparation  in  the  cup-plate  test  contains  an 
excess  of  ammonium  oxalate  to  remove  calcium  ions  from  the  system,  so  that  the 
assay  method  is  independent  of  the  concentration  of  calcium  in  the  test  sample, 
Yang,  Steele,  and  Graham  (17)  also  observed  that  calcium  chloride  does  not 
inhibit  polygalacturonase  in  the  cup-plate  test.    However  higher  than  normal 
concentrations  of  calcium  ions  in  brined  cherries  inhibit  the  softening  caused 
by  commercial  pectinolytic  enzyme  preparations. 
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TABLE  3. — Pectinolytic  enzyme  activity  of  cherry  brines  measured  by  cup-plate 

 tests  at  5  months;  texture  of  cherries  at  5  months.  

Pectinolytic  enzyme 

Sample                                 activity  by  cup-plate  test—  Texture 

5  months  5  months 

mm .  g . 

Control                                                                            neg.  415 

.01%  Pectinol  100-D                                                       15  b./ 

"          "                    +  1.0%  CaCl2                                18  b/ 

"          "                    +  2.0%      "                                    15  207 

"          "                    +  4.0%      "                                    15  318 

— ^Pectinolytic  activity  proportional  to  numerical  values.     After  one  month 
all  brines  measured  15  mm.  by  cup-plate  test. 

— ^Cherries  too  soft  to  obtain  reading  on  the  puncture  meter. 


Effect  of  heat. — Brine  and  cherries  to  which  pectinolytic  enzyme  had  been 
added  were  heated  to  180°F.  3  months  later.     The  texture  at  this  time  was  about 
250  g.,  whereas  controls  to  which  no  enzyme  had  been  added  were  at  about  400  g. 
Three  months  later  the  controls  were  still  at  400  g.,  the  heated  enzjnne  sample 
was  at  250  g. ,  and  an  unheated  enzyme  sample  had  become  soft  and  mushy. 

Effect  of  surface-active  agents. — Certain  surface-active  agents  are  known 
to  denature  proteins  (1)  and  to  have  some  inhibitory  effect  on  enzymes  (11,  13). 
Steele  and  Yang  (14)  and  Yang,  Steele,  and  Graham  (17)  discussed  the  effect  of 
alkyl  aryl  sulfonates  on  pectinolytic  enzymes  in  model  systems  and  demonstrated 
inhibition  as  measured  by  the  cup-plate  test.     They  also  reported  some 
reduction  of  the  rate  of  softening  of  brined  cherries  to  which  commercial 
pectinolytic  enzymes  and  Nacconol  had  been  added.     Similar  results  were  observed 
in  this  laboratory.     Sodium  lauryl  sulfate  and  sucrose  monostearate  were  also 
tested.     The  former  showed  no  effect  on  enzymatic  softening  of  brined  cherries. 
The  latter  showed  considerably  less  inhibitory  effect  than  Nacconol. 


SOFTENING  IN  COMMERCIAL  BRINED  CHERRIES 


During  1960  and  1961  several  lots  of  softened  commercially  brined  cherries 
were  made  available  by  members  of  the  industry.     These  and  samples  of  normal, 
firm  cherries  were  studied  to  determine  if  certain  treatments  would  inhibit  the 
softening.     Samples  of  Bing  cherries  becoming  soft  in  the  absence  of  detectable 
pectinolytic  enzymes  were  treated  with  extra  calcium  chloride  or  heat.  Four 
percent  calcium  chloride  was  added  after  the  cherries  had  been  in  the  brine  3 
months,  when  softening  was  considerably  advanced.     A  sample  from  the  same  lot 
was  heated  after  4  months  of  brining.     Both  the  heated  sample  and  that  to  which 
4%  CaCl2  had  been  added  remained  firmer  than  the  control  for  several  months 
after  treatment  (Figure  8) . 

A  portion  of  the  brine  from  lots  undergoing  unexplained  softening  was 
preserved  at  34°  and  used  the  following  season  for  brining  fresh  cherries. 
These  cherries  became  firm  and  appeared  normal  in  all  respects.     After  2  months 
their  texture  was  about  400  g.  as  measured  by  the  puncture  meter,  and  after  6 
months  it  was  about  500  g. 
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Figure  8. — Texture  of  Blng  cherries  undergoing  nonenzymatic  or  unexplained 
softening.     Calcium  chloride  added  and  heat  applied  3  and  4  months, 
respectively,  after  cherries  were  brined  in  Type  II  brine. 


700 

600 

500 

^400 

I  300 
»- 

200 
100  h 


\  ■••4%CaCI, 

Heated 

— 1 — I — I — 1  

0.1%  Nacconol 

Control  brine  ('61) 

—X  1  

0  1         2         3         4        5  6 

Months  in  brine 

Figure  9. — Texture  of  Bing  cherries  in  Type  II  brine  from  previous  year  with 
high  pectinolytic  activity  of  unknown  origin.     Treated  with  calcium 
chloride,  Nacconol,  and  heat. 

High  pectinolytic  enzyme  activity  was  observed  in  the  brines  of  several 
samples  of  commercial  cherries  that  were  becoming  soft.     Table  4  gives  the 
texture  measurements  and  enz3rme  activities  of  some  of  these  soft  samples  and 
comparable  data  for  normal,  firm  cherries.     The  enzymatically  active  material 
in  these  brines  was  precipitated  with  ammonium  sulfate,  purified  by  gel 
filtration,  and  lyophilized.    New  cherries  softened  when  the  lyophilized 
material  was  added  to  the  brine. 

Brines  from  the  1961  season,  both  those  with  j)ectino lytic  activity  and 
those  showing  no  enzyme  activity,  were  held  at  34°F.  and  used  the^  f oljLov^^^ 
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TABLE  4. — Texture  and  cup-plate  measurements  of  soft 
cherries  and  normal,  firm  cherries. 


Texture 

a 

riiiD— n  1  a  tP 
rnm  • 

ciof  t* 

O  ^  -1-  L. 

46 

15 

soft 

77 

15 

soft 

154 

12 

firm 

390 

neg. 

firm 

425 

neg. 

season  for  brining  fresh  cherries.     The  enzymatic  activity  persisted  in  brines 
from  soft  cherries  in  the  1961  season,  and  caused  softening  of  the  cherries  the 
following  year.     Cherries  brined  in  fresh  brine  or  in  year-old  brine  from  firm 
cherries  became  firm.  ' 

Samples  of  cherries  packed  in  the  enzymatically  active  brine  from  1961  were 
treated  with  CaCl2,  Nacconol,  or  heat.     Untreated  control  samples  (Figure  9) 
became  too  soft  for  remanuf acturg"in  about  3  months.     The  heated  samples  were 
only  moderately  firm,  but  they  gradually  became  firmer.     Those  treated  with 

0.  1.  Nacconol  gradually  became  too  soft  for  commercial  use,  although  the  rate 
of  softening  was  considerably  slower  than  that  of  the  untreated  samples.  The 
addition  of  2%  CaCl2  above  the  regular  amount  prevented  further  softening. 

Cherries  became  firm  in  brines  reused  three  consecutive  years.     The  buildup 
of  soluble  solids  and  natural  pigments  in  the  brine  did  not  affect  the  texture. 
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